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it is pointed out that evolution
are not synonymous terms,
theory to the world in 1859;
Lamarck had propounded
evolution—that is to say, an un-
the higher forms of life, animal
vegetable, from the simplest. Accord-
Lamarock, all species have become
t they are through the moulding influ-
of external condisions (such as food,
te, &0.), and of exercise, From these
sources arise all varlations, and char-
acteristics thus acquired are handed down
to suoceading generations. This assertion
conoerning the origin of species was not
sooeptsd by men of sclence, Darwin's work
was, nat to originate the idea of evolution,
but to show by what means evolution had
been brought about. This means he called
styuggle for existence, to the action of
which was attributed an unceasing natural
selection. The proposition which he set
himself to work out was this: (1) The off-
spring of all organisms, whether animal
or vegetable, tend to resemble their parents;.
(2 The young are never exactly like their
parents, but there is always some variation.
“spontaneous”
(by which term Darwin meant that we can-
not ver the oause of them), and,
to o 384 ext:nt, dur to the mannyr of lif: of
ths par:nts and th: environmont in which they
HNvs, chargctiristics thus acquirad being hand»d
down o th: next gmoration, It is ob-
wious that in the words italicized Darwin
gave a qualified assent to the Lamarckian
principles, ah assent which has been retracted
by the Neo-Darwinians. (3) More young
are born in every species than would be re-
quired to keep up its numbers, supposing
that there were no natural check at work
$o prevent increase. Darwin instanced espe-
clally the elephant, which is the slowest of
breeders. If allowed to multiply uncheeked,
elephants would soon people the earth. (4)
In the struggle for existence, all favorable
wvariations are singled out for survival by
Natura! Selection; it acta in the same way
as artificial selection. Thus, as the breeder
bas produced the many varieties of domes-
tio pigeons, nature has produced all the many

of the animal and vegetable king-
dom. Finally, Darwin held that Natural
Belection 1s supplemented by sexual selec-
slon. '

8o much for the proposition, the truth of
which’' Darwin undertook to demonstrate.
Now let us look at the evidence by which it Is
supported. This falls into four categoriee
In the first place, the solence of embryology
has shown that each individual in one of the
higher species of animals goes through,
while (n the womb, many of the stages through
which, according to Darwin's theory, the
species has gone in the prooess of evolution
In scientific language, the author would ex-
press the same truth thus: The ontogeny, or
the development of the individual, as it pro-
eeeds, recapitulates briefly the phylogeny, or
history of the evolution of the species. Thus
man, while in the womb, Is at first a one-
oelled protozoon, then an agglomeration of
undifferentiated cells; at a later stage, he
has gill-slits like those of & shark, though no
functioning gills. In the second place, pa-
montology bears witness to an advance
from the lower to the higher forms. We
find in the primary rock fishes and amphibi-
ans, and in the most recent rocks, some rep-
tiles. In the secondary rocks reptiles are
dominant on land, in the sea and in the air
Pterodactyls, winged lizards, some small and
s0ome Inrge, are kings of the alr. Birds, 0,
are beginning to appear. There is the ar-
chmopteryx, a true bird, though with many
reptilian characteristics, found as fossll in
the Bayarian lithographic stone; the toothed
birds of America belong to this period. Small
marsupials, allied to the existing kangaroo,
are as yet the only mammals. In the Tortlary
pocks birds of a less reptilian type are found
in every quarter of the globe, but dominant
everywhere are the higher mammals, called
from the manner of their growth as em-
bryos, placenta. In this period Mr. Headley
conslders it as proved that man already ex-
fsted; hé had already been devoloped, ac-
cording to Darwin’'s theory, from a lower

like form, now extinet. Flint instru-

'h showing unmistakable sign: of human
workmanship have been found in deposits
that balong to a pre-glacial age. Apartfrom
from such proofs, It is pronounced evident,
from the stage of development that man had
reached at the beginning of the Quaternary
period that he must already have been man,
properly so-called, in the Tertiary. If now
the Tertiary period be subdivided Into three
sections, we encounter further evidence of
.evolution. In the first of the three sections,
ths Eocene, we find animals and plants be-
Jonging to families now existing. In the
second, the Pleiocene, existing genera are
represented, but not yet aprcies that are still
extant. Finally, in the third section of the
Tertlary period, the Pleistocens, we find ani-
male (among tham man) and plants repre-
senting species that are now living upon the
earth. In the Quaternary age existing species
are encountered in abundanoce,and frequent
evidence of man appears.

We come in the third place to the testimony
of comparative anatomy and comparative
physiology. Mr. Headley submits that an
fmpartial anatomist must put man at no
great distance from the higher apes, whether
their bony skeleton or their bodles generally
be compared. Even their brains agree in
structure, though (n man the development
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categorien of evidenoe it is obvio
first and second, that is to say,
of testimony drawn from embryology
and palmontology, respectively, are the most
cenvincing.  On a theory of separate orea-
tions the preliminary embryonic stéges of
man, during which he belongs to various
other classes of animals in sucosssion, would
be superfiusus and unaccountable. The evi-
dence of palmontology compels us to oon-
clude either that there were numbers of
separate oreations at diffevent periods (mam-
mals, for instance, being' introduced when
the earth was already peopled with lowar
forms) or else that ¢volution has taksn place.
But embryology forbids us to acoapt the
alternative of separat: craations, s> that
evolution remalns as the only possible oz-
planation of the faot., .

Mr. Headley also invites “attention in his
ttroductory chapter to the argument drawa
from artificial sslection in suppart of Dar-
win's theory. There is no doubt that in the
cotirse of many canturies, artiicial ssleotion
has produced very divergent breeds of horses,
cattle, dogs, pigeons, &o. It ls trie that all
the efforts of breeders have not raised from
wild horses anything but horses; from the
wild rock pigeons anything but pigsons.
Breeders have experimented, howavar, only
on species in which specialization had alroady
gone very far, and in which, conssquently,
the range of variatlon wai narrow, s> that
we should rather wonder at the greatnjss
of thelr success than at their ocomparative
fallure. Moreover, tha tim: avallabls has
been short. Palmolithie man, as far as s
known, had no domestic animals. Most
of those we have now wera domesticated
in the Neolithic period, probably leas than
a milllon years ago. During the greater
part of this time there was, of courss, a great
want of thoroughness and system about the
breeder's methods. Within the last hundred
years, many new breeds have bsen davelopad
and we cannot but feel surprised at the great
triumphs of the short period during which
science and system have been brought to
bear. Nature, the great axparimontar, took
in hand at the outast unspecial-
ised, and, therefore, more plastic forms,
and has continued her experiments for mil-
lions of years. It is often objected that man
has not produced results in any way similar
to those we attribute to Natural Belection,
since all his new breeds of pigeons, for in-
stance, are fertile inter se and are, there-
fore, mere varieties, not speciea. Our author
replies that it is probable that this test would
condemn a great many wild species, which
are kept apart from others by the clannish-
nesa of their members, not by genuine in-
ter sterility. It is certaln that artificial selec-
tion as practised by the breeder is not dif-
ferent in kind from Natural Selection. Un-
fortunately, the absolutely wonclusive ex-
periment, the development of a complex
animal from a one-celled organism Is alto-
gether beyond man's power, Natural Selec-
tion, therefore, remains a reasonable hy-
pothesis that can never be proved, but which
commends itself to a majority of competent
Judges. Among those who support it, how-
ever, are someé who, while holding that it
can account for a great maay of the phenom-
ena of the animal and vegetable kingdoms,
yot deny that it can acoount for all.

In the same introductory chapter the
author reminds us how curious has been
the evolution of opinion on the subject of
evolution. Before the publication of Dar-
win's “Origin of Species,” the theory of
evolution was much discussed, but was
generally rejected by naturalists, as nobody
ocould show what had brought it about. Dar-
win's Natural Selection wals welcomed as
a working principle which made it posaible.
Darwinism, therefore, led men to belleve
{n evolution, A majority, probably a con-
siderable majority, of naturalists are stilf
Darwinians, but there are now not a few
who, while accepting evolution, are half
inclined to reject Darwinism, to scoff at the
bridge by ‘which the scientific world made
its way to evolution over a sea of difficulties.

Before marking the author's exposition
of Welsmann's views, it may be oonvenient
to reverse the order adopted by the author
himself and to reproduce, firat, his refuta-
tion of the Lamarckian principle. To this
refutation & chapter is allotted, the purport
of which may be thus summed up, It is
very dificult even to Iimagine the means
by which acquired characters might be trans-
terred from a bodily organ to the germ-
plasm, as Lamarck assumed that they were
transferred. Wo are reminded that breeders
scarcely take.dnto consideration the possi-
bility of such transference, and that, even
in the case of disease, direct evidence Is dif-
fioult to find. It may be well to dwell some-
what In detail on these points. The sclenti-
fio breeder of cattle or of any of our domestic
animals stands to his animals in the place
of nature, He determines what character-
{stics shall mark the race, as Nnture decides
in the case of wild animals. Now breeders,
{n the Old World, at least, have never trusted
much to Lamarckian methods, though some
American breeders have evinced Lamarokian
tendencies, No breeder of homing pigeons
holds that young birds are any the better
because thelr parents have been highly
trained before they bring them into the
world. If a bird wins a prize in an import-
ant race, its offspring, born before it was
highly trained, have just as great a market
value as those born after.

When a racehorse has made a great name
he is often put to the stud, and his training
is neglected. He s képt in good health, but
thers is no attempt further to davelop his
speed, Breeders then by thelir practics sup-
port Welsmann. They may hold, it is true,
that a particular diet may produoe sise, and
in this view they are undoubtedly corrsct
But if they assume that tha larger build, due
to such food, is Inherited, scientists are at
Iiberty to disagree with them. Breeders not
only feed for size, but melect for it. The
whole result may be due to selection, or, to
put it more correctly, thoss individuals are
geloctad In which the diet in question produces
large staturs. If we turn to plants, the case
against Lamarokism Is still stronger. A
gardener |8 bound'to be mainly a Welsmannite.
He can, it Is true, vary the soll, and so to
some extent the diat of his nurslings, but
a plant cannot be trained and exercised as a
horse can. The gardener must trust to
congenital variations. For thess he looks
out and selects the plants that show the quali-
ties that he wants

Mr. Headley proceed: to oconsider tho
lamarckian argument that even If the other
acquired charaoters are not transmissible,
this can hardly be true of dissasss or of im-
munity from them. He insists that there s
convine ng evidenocs that thers, too, tha rule
holds good, that acquired charaotaristios are
not inheritad. Among the infactious mala-
dies from which civilized man has suffered
for many generations, he singles out measles
as a good example for his purposs. Those
who have measies are in most cases immune
for the rest of their lives They may come
in contact with the germ, but it has no power
to injure them. This Immunity, however,
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best scoounted for by the fact that those
who were unable to combat the disease have
in each generation been weeded out. That
s his explanation, and It ssems sufficient.
“Can the Lamarckians,” he asks, “deal with
these facts satisfactorily?” He answers:
“They may oontend that the increased power
of resistance, whioh is generally recognised
as existing among Europeans, is the aoquired
{ramunity inherited in a modified form. In
the case of measles and’ other infections
diseases, which do confer immunity oa the
sufferer this may, perhaps, seem to bold.
But, In the case of consumption, the explana-
tion breaks down. And s principle, if it Is
sound, ought to be of general application.”

Mr. Headley to point out that
for bundreds of years past consumption has
been ome of the mogt destructive diseases
in England; in Cromwell's time, as the bills
of mortality show, It was prevalent in London.
In the present day probably about one in
ten of the total of deaths is due to some
form of tuberculosis. Its destructiveness,
however, among English people Is nothing
to what it is among savages; if onoe the germ
is introduced among the latter, they have no
power to resist it. “Now here,” continues
Mr. Headley, “the Lamarckian explanation
is out of the question. There is no acquired
immunity from tuberculosis; a sufferer may
be completely cured. yet he is at least as
liable to infeotion as & person Who has never
boen attacked. The ocomparative superi-
ority, therefore, of Europeans to the disease
we are bound to attribute to the constant
elimination In past generations of shose who
were unable to resist it.”

If 1t be diMcult to show how a modification
aocquired during a lifetime can be transmitted
from the body to the reproductive cells,
it i8 no less dificult to prove that the inherent
charaoter of any organ can be changed by
its environment., If children habitually go
barefoot, their feet become hard, and thie
is, no doubt, « modification in the accepted
sense of the word; as distingulshed, that Is,
from a variation in the inborn charaoter.
Children are born, however, with feet whose
nature it is to grow hard, if unprotected: and
all that has happened in the case supposed,
therefore, is that an existing characteristic
has been brought out. If gulls are fed on
corn, they will develop something of & gis-
zard like true gramnivorous birds. Mr
Headley explains this by saying that gulls
are born with stomachs capable of becoming
highly muscular should the need arrive.
A green frog, if he 18 not among green leaves
but amid dull, colorless surrqundings, ceases
to be bright green and becomes a sombre
gray. Put him among follage agaid, and
bis green soon returns. Can it be said that
the green follage has caused his color to
change? Our author deems It more oorrect
to say that the frog has the power of changing
his color to suit his environment. If the frog
happens to be blind, no change of color takea
place; it s by the help of the eye and the
pervous system that the ‘change is effected
Many animals live their whole life long In
evergreen forests, and yet their skin, bair
or feathers show nat & speck or tinge of
green. They have no susceptibility to this
particular kind of stimulus, When the Amer-
joan hare turns white in winter, its add hairs
lose their color, the change usually begin-
ning at the tip, and a great many new com-
pletely white hairs appear Manifestly, the
animal has the power of turning white when
the cold season comes on, and of producing
a fresh orop of white hair to keep itsell warm
It {s diMoult to see how the cold could cause
halr to grow or change color, unless the ani-
mal in question had the power of reacting
to this particular stimulus. “In fact, an
external condition can do nothing but bring
to light some latent quality. Speaking cas-
ually and unscientifically, we may say that
being & member of the House of Commons
has made so-and-8o a fine debater. To put
it more ocorrectly, it has developed a power
that was already there. Walsmann expresses
the truth as follows: ‘Nothing can arise in
an organism unless the predisposition to
it is predxistent, for every acquired character
i{s stmply the reaction of the organism upon
a oertain stimulus’'”

What can exercise have to do with the
origination of organs? It {s obvious that
a llmb may be strengthenad. The dizoiples
of Sandow are continually developing the
particular muscles that they want to develop
The lungs may be strengthened by singing
or by systematic breathing exercises. The
volce will bacome much stronger if constantly
used In the proper way. A wonderful ap-
proach to perfection in the codrdination of
muscles may be achleved by practice, with
the result that athletlo records, deemed in-
superable, may be broken. But how if we
wish tooriginate a new organ? [e! us hear
Mr. Headlsy on this point: “Without en-
gaging In any deflnite speculations as to the
mammallan pedigree, we may feol sure that
there was a time when the ancestors of mamn-
mals had no llmbs, nor even continuous fins
from which limbas were to develop. How ean
you exercise what does not exist? On la-
marckian principles you can in theory account
for the Improvement and specialization of
a limb as the generations go by. But when
it is a question of the origination of any organ
the theory collapses, even If we allow the
big assumptions that are made. How did
the sense of hearing begin? Exerclse falling
us, we have here to fall back on external
conditions, This means that sounds, strik-
Ing against the skin, stimulated it to sensi-
tiveness and developed the requisite nerves
If the skin could be so stimulated it must
have been already sensitive, must have al-
rbady possessed some rudimentary acoustio
machinery. This Is the conclusion at which
we arrived before, that external conditions
can originate nothing. We find now that
the same thing is wholly true of exeroise; it
fs only a stimulus to which the organism
responds; it can help a man to attain the
maximum development of brain or body
of which he is capable. It can give bim noth-
ing that was not potentially his at birth.*

That exercise Is not necessary for growth
is evident from the fact that, In many cases,
growth proceeds entirely without exercise.
The tree stands motionless and grows; its
sap flows, but there is nothing that can rea-
sonably be called exercise. For growth
pure and simple exercise is not wanted by an
animal any more than it Is by a vegetable.
A ohicken within the egg has little oppor-
tunity for taking exercise; yet, cramped
In his narrow prison, he goes through the
mont important stages of development, and
at length emerges able to move about, en-
dowed with something In the way of instinct,
and with brain sufficient to iearn quickly
from his mother's teaching. The embryo
of any of the higher mammals passes through
a marvellous series of changes, and is struc-
turally not far from the mature phase when
at length it sees the light and knows the de-
lights of exercise and play. Manifestly,
then, embryology Is not at the disposal of
Lamarckism,

If the origin of an organ cannot be as-
cribed to exercise, neither can the disuse
of an organ, even if almost complete, arrest
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In connection with this branoh of the toplo,
Mr. Headley disousees the question of the
rudimentary or vestigial organs. Exam-
ples are easy %0 Aind.  Man is still possessed
of muscles for moving his ears forward,
though he has aitogether lost the use of them.
The apteryx, or kiwi, the New Zealand bird
that has lost the power of flight, has still
beneath ita feathers the chlef wing bone
reduced tominute dimensions. The python

appear shrough the skin. The blind oray-
fish haveeye-stalks, and some vestiges of eyes,
though their sight has gone. Mr. Headley
takes the npteryx with ite muoh reduced
wings as adypical exzample of such phenomena.
“Suppose the reduction of the sire in the
wing to be due to disuse. Then in the early
stages when disuse was incomplets, the
process of reduction would be tery slow

But, when the wing had become so [small
that exercise was out of the question, then,
on lamarckian principles, we should have
expected all trace of it to disappear repldly

Now this is just what in this and bundreds
of like canes we do not ind. When once an
organ has been reduced to the point of ab-
solute uselessnees, it often lingers on with
astonishing persistence, though there are,
it is true, many examples of complete dis-
appearance. Thus, of the five digits of the
nermal hand, the bird has only three remain-
ing, and of the two missing, probably only
one is represented by a trace in the embryo.”
It is submitted that such instances of com-
plete loss as these do not in the least stand
in the way of our author's argument, whiche
is'this: “If partial disuse can greatly reduce
an organ, complete disuse ought In every
case to oause its total and comparatively
rapld disappearance. If It be urged that
all vestiges ara gradually vanishing, the

answer 18 that In many cases organs reached
the vestiginl state ages ago, yet still they
linger on. For ages the horse's forefoot

has borne only one toe, and yet there still
remain the two so-called split bones that once
carried a toe on either side * It seems, then,
that the Lamaroklan explanation of ves-
tiges falls to explain the facts.

Inasmuoh, however, as Mr. Herbert SBpen-
cer has written much upon this subject, our
author takes up some other problems whioh
Lamarckism falls to solve. To Mr. Spencer
the great antlers and the great development
of muscle and ligament for carrying them
present a phenomenon whioch can only be
accounted for, If the variovs sssociated de-
velopments be considersd as the inherited
results of egercise. We ocan Iimagine, he
says, that congenital variations might be
accumulated and the antlers by themselves
be accounted for In this way. But they
would be an insupportable burden, did not
other variations arise simultaneously, glving
the body the strength to carry so great a
weight. Such coadaptation and codperation
can be explained, Mr. Spencer contends,
only on Lamarckian principles. Our author
admits that the position here taken by Mr
Spenocer {s a very strong one. The problem
which he has presented to the Noo-Dar-

have thrown overboard Lamarckism, is not
an easy one. It is {0 another chapter, to
which we shall presently refer, that Mr. Head-
ley undertakes to show how Natural Selec-
tion. unassisted, can deal with it For the
moment, he merely pojuts out that in one
reapect Mr. Spencer’s position I8 entirely
untenable. “The antlers themselves, La-
marckians hold, originated from the fights of
rival bucks, The bucks were oconstantly
butting each other, and the bone of the skull
thickened at the place which was most butted.
Hence the antlers of, for instance, the wapiti
deer. We may assume, what I have tried
to show is impossible, that constant blows
conld produce thickness of bone, instead
of merely stimulating the bone to put forth
what power of thickening it had. Granting
this, we have next to assne that mere ran-
dom knocks could produce the beautiful
symmetrical branching of the antlers Was
there systematiec hammering at thea point
where & branch or tine was to arise?  But,
it this view of the antler is discarded, and
they are attributed to Natural Selection act-
ing upon congenital variations, while the
supporting muscles are explained as the
inherited result of exercise, then we have
two principles, which, to say the least of it,
are not very good yoke fellows, expected
to pull together.” The relevant passage in
the chapter to which we have alluded runs
as follows (page 122): “Imagine the wapiti
deer, or rather one of his progenitors -this
is the old puzzle set to Neo-Darwinians by
by Mr. Herbert Spencer developing great
antlers through the accumulation of con-
genital variations by Natural Belection
What if the muscles and ligaments of the
neck and of all the cooperative machinery
did not grow strong through favorable va-
riations during the same period? The an-
swer |8 plain enough: even without the help
of Natural Selection the organism will be
able to make shift for a time Muscles ean
be strengthened by use during the lifetime
of an individual, How mmnch can be done
in this way, il we begin, say in our teens
and exeroise ocertain muscles regularly for
half an hour a day? How much greater
would be the result, if we exercised them
each day during the whole time that we were
on our legs. All day thy stag was carrying
his antlers, and his muscles were acquiring
the strength that was needed. But when
the antlers in tho cdurse of many genera-
tions had grown big, males that wers born
without specially ‘adapted muscies to ocarry
them would not be likely to be lords of the
herd. So that, hers, too, congenital varia-
tions would follow in the waks of accommo-
dations, due to exercise in the Individuals.®

still pursuing the argument agninst the
Lamarckian principle, the author reminds us
that the explanation of the skill of neuter in-
socts has been a familiar problem aince Dar-
win’s time. The wonderful architectare of
the cells made by bees has impressed every-
one who has thought of the matter. Now,
the skill of the worker bee is born In her; it
{s not due to a laborious education. Neither
can it be that skill acqunired through prac-
ticaby former genera‘{oi— of workers has been
transmitted as an instinet to the bees whom
we watch at work. The worker bee leaves
no offspring behind her. The whole hive are
the children of one queen. She herself dis-
plays no skill, except In depositing her eggs
and In carefully distinguishing between
those that are to develop Into drones or into
workers, She is no builder, like the ordinary
working members of the hive If, on ocea-
sion, Intelligent adjustment to new conditions
is required—a modification of the stereotyped
architecture to suit a novel aftuation—it is the
neuters who come to the front, and subse-
quent generations cannot possibly Inherit
the acumen and resourcefulness that result
from such exercise of the faculties. How has
this diMoulty been met by Lamarckians?
The bees, they say, gained their skill before
the division of labor in the hive was carried
0 far, before all the egg-laylng was done
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"]

[ U1

Tl b S s
4 author next

e two or tu:ﬁ examp!

snomenon e fact is

in insects have once only

AL BT

u:r the ovoluuo or‘dl ent
fusl arndy not a mr‘-

i e

ugation, v much delays npro‘gl\ﬁu::

in
work that requires the utmost skill,

caterplliar has wn to its full size it is time
?«E‘mw Y t and, if he

make a A
oot make a really , he has little
0e of ever emer as a butterfly or moth.
extremely olever

owens ?.::ﬁ*g"r. gy

an

way, and e
point that the skill cannot be the
result of practios, We t that onoe an
once only does the caterpillar try his han
’l such wort; yot vo.lz beautifully he does It.

amillarity has dulled us to the marvel of the
Bhonomonon Euuordlntz. however, a4

the spinning of the cocoon by the caterpillar
of the common silk moth, the feat is nothing
compared with what is done b{ a California
moth, a4 full account of which is given in
Keorner's “Natural History of Plants.” Th
vaterpillar of this moth Jives on the seed of
the Yucca plant; this plant cannot fertilize
, but must have pollen brought to the
stigma, The Yuoca moth, armed with &
appllanoss, not ol deposits its eggs where
tne Ni’vluan. when they emerge, will have
proper food, but accomplishes the tranafer
of the pollen, At uight when the yellowish
white flowers are open and .viaible in the
moonlignt, she starts forth on thé business
on which aepends the continuance of her raoe.
She enters the bell of a flower and collects
& ball of pollen, For this purpose the Y uoca
moth makes use of the elongated first joint
of the xillary p. “the inner suriace of
whiol 18 Leset witn suiff bristies, and can be
rolled up like a trunk.” With this she seizes
the polien and rolls it into a ball whioh
sometines three tumes as iarge as her head.
She then flies to another flower and p‘l;gmdc
to deposit her egg at the base (which in &
banging fower 1s uppormost) 1( the pistil.
Lhis sne does by meanas of un ovipositor con-
sisting of four norny bristies whioh ure ub
t plerce the hard tiswue, Having laid her
llﬁ she to the top of the funnol-shaped
pwtu and stuffs tae poilen into tue mouta of
the runnel.

r. Headley directs particular attention to
various points that strike one as he roads this
remarkanle story: kipst, the adaptation of
the maxillary paip and the oviposiwr, seoond,
the correct use of the special apparatus;
third, the fact that the individual moth gains
othing oy the whole business; fourtn, the
act that each moth has oniy once in its life-
time to do this work. Jhe circumstances
seem to inake it impossible that there can
be any imitation, any learning on the part
of one Iindividual from anosher., In toe
presence of such facts what, Inquires our
author, becomes of the lLamarckian hy:
pothesis?

Now, let us sum up the ouscome of Mr.
Headley's chapter in whioh the Lamarckian
Hrlnclplo ia refuted, We repeat that he has

ere essayed to prove that it 18 extremely
difleult even to Imagine the means by whicn
acquired characters might be transferred
from a bodily organ to the germ plasm. He
has pointed out that breeders hardly take
into consideration the possibility of such
trunsference, and that even in the case of
diseasa direct evidence of such trunsference
is hard o tind, He has tried to demonstrate
that neither exercise nor external conditions
can change the pature of any organism, but
can otly develop characters that are already
present. “Every acquired character is,”
a8 Welsmann has put it, “simply the reaction
of the organism upon a certain stimulus,”
No organ can be originatad by exercise
though an existing orgun may be dnnlnped
to ita maximum, 7The Lamurckian view of
exercise 1= incorrect, Growth does not de-
pend on exercise, except under certain cir-
oumstancos, where the assoclation of the two
may be ensily explained, However close, too,
the correspondenco between an anlmal or
plant and its environment, it is easy in many
cases to show that the adaptation which has
arisen cannot possibly be due to the direct
action of the environment. lLamarekism
fails t» necount for the antlers of the stag,
for the skill of the worker bee, for the cocoon
apinning of the catorpillar or the remarkable
instinet of tne Yucea moth., In some cases
the lamarckian prineiple cannot possibly be
applied, and we have even in one and the
same animal to imagine it working side by
side with & principle that, if not actually
antagonistic, Is yet incongriaous,

Agnin, the reproduction of lost parts by
embryos shows that the organism, even in
the ambryonic stage, follows its own course
and is not the creature of circumstances, The
argument that variations may _and must be
caused by diet is unsound. The organism
does mot passively submit to the influence of
any diet that may be served up to it, bn
selects in accordance with its own inherlt
character, and this character has been in-
herited equally by the germ plasm. Mr,
Headley submits that, if there be any force
in what he has here urged, Lamarckism

| fails to make good either of {ta contentlons,
| First, it cannot acconnt for the origin of

variatione: secondly, even if we grant for the
sake of argument that there are auch things
asx acquired characteristies, the evidence of
their transmission 1% untrustworthy: the
machinery in the organism by means of
which thay can be transmitted has yet to be
discoverec

mn.
It 1s in a chapter on “Heradity, Varlation
and Death” that our author undertakes to
formulate in a few compact and lucld para-

| graphs Prof. Welsmann's famous theory of

the continuity of the germ plasm, It is
obvious that the oak, the glant of the forest,
{2 potentially In the tiny acorn from which
it has sprung. In the same way, the chicken
must be potentially in the egg before inouba-
tion has taken place, although no chlcken is
to be seen. Here, howaever, another question
arisna: Anegg Is the mother of the hen, but s
a hen the mother of the egg she lays? Weis-
mann answers: “Certainly not:” and the
world Is coming to agree with him. The egg
and the hen that lays [t are both sprung from
the same egg. In the line of descent egg
follows egg. each, If it hatches, becomes the
mother of a chick, and, if the chick be a hen
bird, of other eggt also that may in time be
laid and dulv sat upon and hatched, This
18 the hypothesis that Weismann has spent
years in maintaining, and, inasmuch as the
fnferenices to be drawn from it are of the ut-
most importance, our anthor endeavors to
stats his premises and deductions with the
utmost and perspicuity. We
quote a part of our author's extremely con-
densad synopais: “The nucleus of the repro-
ductive cell bears all the hereditary charace
tors, and it is almost certain that it is not the
whole nuclens, but the loops of chromatin

that have this function. observation shows
that they are the essential part, the astro-
sphere (the small, starlike body diacernible
in the nucieus), merely supplylng motive
power. When the #Xg is maturing we see
that the nucleu= is divided by an slaborate
srocess, and one resultant half, the first polar
yody, (& expelled from the cell.  After this
tnere follows o repetition of the process, and
a second polar body 18 thrust out |for the

secinetness

fllustrations which exhibit this process we
must refer the render to page 14 of the book
hefore us I'he former of these divisions

has for it= ohject the rearrangement of the
particles that make up the gorin plasm, that
Jart of the pucleus by which heredity i= main-
alned and which is formed of the various
chromatin loops. The second division re-
duces the amount of plasm and reduces the
number of hereditary characters to one-half
This reduction must take place, since the egg
is to bo fertillzed. without nny incrense in
the pumber of the essential particles. When
parthenogenesis (birth  from unfertilized
eggs) tukes place, as, for Instunce, in aphides
and bees, only one polar body is got rid of
The division of the nuclens that results in
this onse is a rearrangement of material with
a view to variation, since without variation
there would be no evolution. No second
polar body 1% in this case extruded, bhecausa
whenever parthenogensis is to take place
there s no need to reduce the plasm to half
its amount. It has been held that the ejection
of the second polar body loaves the egg female
in character, wheroas formerly It rl-'\d con-
tained the elements of both sexes, The fact
that male traits are often handed down through
the female, and viee versa, disproves this
fdea. It is true that the exg has sexual
oharacteristios (such as food for the ambryo),
but the germ plasm has none. Sex (s a
saoondary charncter in the offspring. Ex-
eriments on tadpoles, caterpillars and rotifers
{mvn shown that food and temperature aro
factors in detormining It Weo should hers
note that If the egg is the seenc of two nuclear
divisions, one leading to modifications In the
arrangement of characters, the other to a
reduction in the amount of the plasm, similar
phenomenn ought to be observable 1n the
maturation of the male or sperm cell.  This
has heen shown to he trus .-} the sperm cells
of asoaris, & nemutode worm: there are two
cell divisions: as in the egg, the amount of the
chromatin {8 reduced by one-half, and here
too, the germ plasm (s non-sexyal; the sexu
characteristios of the cell are secondary.

We go on wity Mr  Headley s conclde ax-
position of Weismana's hypothesis  Sirive
as he may he finds it {mpossible entirely to
avold the use of Welsmann's technical terms
“Each of the two cells [aasculine and fomi-
nine] that are to fuse is made up of minute
vital particles called hophors, these com-
bine to gether to form determinants, sach rep-
resenting a bodily characteristic, and these
determinants are rrnupe\l into swda. The
gell not only contains thousands of detere

fisilon.
egg without sr | on Is capable of re-
ductiop. “. an author ‘Y‘ on
remind us, tion could not
§o on '"3‘"" urr1. ns, and in conjugation
sexual union is the i source from
which variatlo In unicellular or-

ne X
nisme, it is true, variations are largely
‘.uo ‘to :‘lw 00!1‘! ons, but this cu‘al!:
of q ) m noe among th
m tn‘n eom mroducun cells
are isolated, and it is imporgant to remember
&l.l' “6; environ ‘o.no ys‘l‘l'u':t '.hlon c;r.r:l
" aoting ¥y upon ) -
thnno«m‘o eggs, I we weﬂ the insig-
nificant influ of ex conduloﬁn. the
preliminary division of the nuoleus is the
only sou of variations, and ft is found
that an n "8‘“ suoh eggs do vary
to a oertain extent -Far less diversity, how-
ever, s Jikely to resnlt in this way Hence
have m-?u oonh:tnﬁon and sexual union;
they supply to Natural Selection the varia-
tions which it requires as its raw nzmuu:
the Dﬂ:ﬂuoﬂon of variations is their sole
raison d'dire. _In the diptera lumonhurvm
our common flies) oer oells, contalnin
una'tared germ plasm, are from the firdt se
art uu other cuses the usnrnunn takes
anto later fn tue course of dévelopment—
n the hydra even after the formation of &
frosn person or individ (nelther term i
qulite uusnewm‘m udding. Neverthe-
loss, thwnn separatad is a part of the original
ﬂ:"" plasm.” A sharp distinction must be
drawn between tnhe germ oells and the
lolnﬂ. or aggregate of non-reproductive
ocells: that is to say, between the germ oells
whose function '“ reproductive and all the
otiaer cells of which an lndlvld_\gl
'Fm13 8 fertilized fgrm 1 springs
a new individual: in this Individual. germ
B‘lun is 8ot ID"'I unal and a0 the race
continued rom the isolation of the germ
oells it follows that only by a proceas very
dificult to imagine oan characteristics ac-

\urod by the soma be transferred to therm,

| variations ortal\ufu In the germ plasn
Once more: “Death {% the result of Natural
Seleotion: the speoies that were cumbered
with aged or out-of-date individuals were
at a dsadvantage, and disappeare exunrl
reprodyction i a means not of rwmrlv lost
vigor, but of producing variations AVOT=
able variations would % viously be of advane
tage to the species, Thosa individuals that
[nnlttplled by flasion onl{. though potentially
mmortal, disappeared in the struegie for
aXistonoce because the resultant cells, when
they divided, showed fewer varintions, and
80 were not so well constituted for the éstab-
lishment of naw apacies ”

After having thus rounded off his hypoth-
esis and maintained it in the teeth of all
ohisotors, Weismann Ptth in_his book
*The Ge Plasm, a enry of Heredity,
to modify his view of the ulfntﬂnua\w_n{
umanliu. a term which by his definition
{neludea both m‘rjumunn ':Pd saxunl union.
Amphimixis suddenly ceased to be the prime
cause of variation. “The ocanse Pin-
mann now said, "must lia deeper than this,
it must be due to the direct action of external
conditions on the blophors and determi-
nants” (in_the reproduction cells, not in the
soma ) e had alrendy recognized such
direct extornal influences on the germ plasm
a8 A min r cause of change But amphi=
mixis h always ranked as first in impor-
tanca :,k'mr it seems suddenly condemned
to play second fiddle; it only combines varia-

ons, it does not originate them Why

is sudden change? It is attributed by
Mr Headlev to a breakdown of the elaborate
Weismannite architecture of the germ plasm
~the blophors, de'arminants, ids and idants
A highly complex animal must have more
determinanta than a less complex one,
and “e\qmnnn conld not see how amphi-
mixis alone eould canse a multiplieation
of them Our anthor suggests “that the
whole diMeulty has (ts origin in the attemt
to »xplain the Inel{yllvnl-le architecture of
the germ plasm. Surely, it would have
been enough to say that the architecturs
is somehow there, whether we can pletura
t to ourselves or not AS to variations, wa
Lnnw that crossing does not produce them,
and since no two hxd}vlduas are exactly
aliks, every unfon is o the nature of a
cross.  This being so, I eannot help regard-
ing Welsmann's earlier views upon the signifl-
cance of nm'?him{xn: as worthier of him than
this later phase.” )

Mr ﬁ.-n'dlqv bellevea that he has stated
Woiamann's views fairly, and he has cer-
tainly tried to make them clear. He admits
that they contain strange Ausnd.uxes that
have excited ridicule, and that Welsmann's
shifts, refinements and modifleations, his
endleds mannfacture and elaboration ol
hypothesis and supplementary hypotheses,
must ba reckoned among the mosgt serious
ills that a biologist at the present day is helr
to. Moreover, 1\0 Aeamis at times, throug
carplossness of expression, to deify Natura
galeotion and endow it with creative power
A onreful reading of his essays, however,
will remove this first imbression, though,
short of actual creating, he nssumes that
it ean do anvthing and ¢ “thing. What
solid result {« there? That < the important
questinn  Let us hear Mr Headley answer
{t- “An impartial eritic must own that from
all Weismann's theorizing thera emerges

ane great idea of the utmost vilie as a bans
tor n theary of heredity—the continuity
of the werm plasm. This doctrine onca

established, the non-jinheritance of the modi~
flcations of the soma, due to AXeroise or ex-
ternal conditions, though not a lm‘u‘al de-
duction from it, yet becomes a probability.
Round the qumt?nn of heredity there still
rages a turmoll of angry ocontroversy, but,
though the clamor does not diminish, there
is less divergence of view. The rival theories
tond t) approximate t? Welsmann's, and,
in spite of all the strife and hurly-burly,
the continuity of the germ plasm holds the
flald.”

The theory rests on a firm foundation
Wo know that the nucleus of the germ cell
econtains, -~In~'|’y acked, all tha cheracters
of the animal that is to grow therefrom
part of the germ plasm remains undisinte-
grated, its architecture unshattered. (f the
germ cells are se arated off from the rest
of the body (that {8 to say, from the soma),

xcept in %0 far as they recelve nourishment
rom it: if In thelr seclusion they continue
to multiply by fission, each rasiltant half
containing the same characters, all else in
thefr life Lelng moarely the assimilation of
ford —then we can understand how parental
and distant ancestral traits can be frans-
mitted. But, if the particles that repre<ent
characters were scattered all over the body,
how could they be reeollscted and replaced,
each in ita proper position? Such a thing
would puzrle the wildeat imagination ~Wa
are driven, then, to conclude that germ plasn
s kept unalterad, and that from it qprlngq
the next generation After setting forth the
rival theories Mr Headlay exprosses the con-
viotion that, so far as the .mmlmllt‘ of the
gorm plasm & concerned, Welsmann has sue-
cm{u“y maintained his position.

1.

8o much for Weismannism. The con-
olusions at which our author, who, although a
Neo-Darwinian, doss not concur with Wais-
mann in all particulars, ultimately arrives
will be found summed up on page 152 I re
we are called upon to nota, in the first place,
that the struggle for existenoe which Is always
going on I8 not always a struggle among indi-
viduals Very frequently there is mutual
help among the members of a group which
only by means thereof is able to hold its own
The stress ja felt only at recurrent crises, an
animal must he able to face these emergencies,
if he Is to survive. During the pauses In the
struggle the survivors have a superabun-
dance of vigor. Attention is next directed
to the fact that, though Natural Selection
is nlways acting by means of the struggle for
existance, vet certaln characters, which,
though useless, are harmless, sometimes
survive and remain constant, or fairly con-
stant. Honce the extraordinary number of
species of willows and briars in the British
[sles and of shells in the Sandwich Island
Again. the variations on which Natural Se
lection has to work are usually small. but
oconsionally large: even very slight differ-
ences may cause survival or destruetion
There is not wanting evidence that the ten-
dancy to retrogression would be, but for the
constant eliminaion «f the inferior, stronger
than the forward tendency Welsmann Is
pronounced right in holding that pammixis
(free iIntercrossing) can undo the work of
Natural Selaction, even without the ald of
Reversed Selection

The shedding of characters that have be-
come useless and cumbersome is one of the
conditions of evolution. The addition of new
organs s nccompanied by the disappearance
or reduction to the minutest dimensions of
such as have becoms obsolete A number

of specles are evolved simultaneously A |

forward step in the one necessitates an ad-
vance In those that come in contact with
them Nothing but change of environment
ean lead to further evolution; when the con-
ditions remain the same, elimination tends
only to produce organic stability  The pace
of ovolution was varied at different periods
It Is posaible that among certain specles,nt
certain times,in certain regions a condition of
equilibrium may Lt‘uﬂalnul. #0 that in these
species nothing yond greater stability
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a g“hh mtd evolution, On al| sides
N , there are highly specio), .
Jmu.udthh makes it 1mpossible llx/ |
r::l:utunoe- under which evolyt ..'."
- .”ovor be reproduced 1 i'.'.‘
mlmc“ l'nuc:h of the eiimination i i1
dincrimnate, the fit and the unfit being alikn
yed. the umount of such ntion
?h?:?"d b.lnolug the higher plunts by 1,
ch n;“' which secures the mafe transterryi, s
o n and the scattering of their senl
moBg the higher animals waste ix cho ko

Wiste s muen

by a far more sflcctive « stem, to i
care ufr purents for their --ff~;nr|:‘|:'-1;r““
&olr immaturity.  The struggle comes wi ..
) lfruwlh has 'nrnnrhr out and develop i
rbn: innate points of superiority and oive
m selection value Lxs-r(.«; m.n’p;"‘:

ocoOrdinate muscular activities L

mmmnty works without ﬂ“:”.“m I"":f;l-( "l >
{: rel of the serious businoss of life, 4 1
“.y fostering intelligwnon and skill furthe
nds to make the 1ssue of the coming sy, s
depend on merit and not mere chanes e
lowing Prof. Mark Baldwin and Prog

Morgan, our author ldosd

#hows that exerc

anoti lmportant influence, [t s (';:L :;:.
strated in the book before us that ,‘g..r'.‘.";
may so raise the value of some smali (o
@enital variation that it decides the quest .;

of survival or non-survival He
nee 1.
viduals owing to modifleations lrrn‘(x;rl"‘t
about during the ontogeny or individual | ‘e
.

may make shift to meet new circumata:
for which by natural endowmen s ltnnvdu u'r‘
imperfectly prepared. Race varlations o T
pursie the direction pointsd out hy thess
modifications.  Only in the Light of tn4
principle are we able to understaud the {,]
signifioance of the education and teaining .t
the young by their Pruu The principla
directs to some extent the working of a1+ |
selection, and, consequently, the line g,
which svolution proceeds, sloce the dnb-;l., .
nation of habita and of.the conditions of |ife
is the determination of the qualities in virt,
of which the apecies shall survive .
It may be asked, [« not the princinle fya
explaied a reconciliation of rho views of
Lamarok and Welsmann? No, answers ¢
author, for the principle rejects the |
mt\rr'kh‘n explanation of the arigin of -_-»-“".
tions 1t even strengthens the posity h
of the Nen-Darwiniana by showlng b
Natural Selection can, without any surrender,
make use of Lamarckian methods For
it we mav claim that it hastans the process f
evolution by keeping a species on its line of
dovelopment, at the same time leaving it
plastic, intelligence to a great extent takinge
the place of rigid instinet. Jt fails; howeyop
to account for the avpearance of the rung
rariation in the rght place, infuring enly thgs
the varlation 18 made the mast of whern |
Appears © How are we to axplain whag
secms to be the fact, that there gre not in
each generation thounsands of wvarintiorg
and all of them ill-sutted 1 )
Mr Headley replies:  “No specles can syl
denly get rid of the character which Its iong
F'wluwunv or species life, has eiven |t
orodity 1imite the range of variations \ihe
less there is reversion and this can pr on 1
far only thrangh the adoption of a parasitie
life, or by retirement to sequestarad rezione
where the atress of competition |« lags gayer
None the less does heradity govern the ene
vironment for the important fantars In the
environment are, as n rule, the competing
sprcing, and the@ hava hasn pyalyay g

the conditt

nasan with that partienlar specles where evali-
tion wa are consiforing {"\ 12 [ the matter
of variatians the feld of ehance i« lip iteq
nor s it an utterly charee environment ty
which the adantation has th he of "

There are Hmita on either side, but withia

thoas linita chanes has frea play. an adapta-

tlon I8 n esincldencs  Nor [« thers, anart
fromn selection. n definite tendency It i
true that brecders and goardensars have found
that, iIf a variation appesrs and s presorvod
by selectian, creater variations in the sana
direction are likely soon to show themenlvos
Thers {8 nothing antagonistic to Darwinlem
in this At avery etop seleotion must elinch
the naw development It follows that mpera
faolatlon conld not, hv allowing n falr fle

to an ineipient variety, bring about much

further evolntion

The furthar specialization has proceadad,
the narrower has hecame the range within
whish chance has heen allowed to aperata
Lastlv, Natoral Selection §s only a regulatine
prineinle, nat a force it has but guided the
avalution of living organisms  Logle eom.
pels the avolutinnist to asanme a foree that
was not evolved, but which existed before
evolution began

\

In the panultimate chapter of the first pary
of this work, tha suthor shows that sexual
selection, when it working Is rightly undors
stood, accounts satisfactorily for the seoons
dary sexwal charactor, even the most ox.
travagant. No other theory attempts to
explain the steady accumulation, generation
after generation, of each advance o brile
Haney of hue  Not only are secondary sex A
characteristion aceounted for hy Darwin's
theory ofsexual selection, but the supremacy
| of Natural Selection i3 not interfered witt
Individuals may be sacrificad, but the ape:i-y
is the gainer Whera polygamy exists, tha
gystom works most freely, and there it
sarvisys to ewolution must obviously b
{ great; it must lead to an inorease of vigor,

sincs, in each genaration, only the very pick

of the malas leave any progeny behind them
| *Segual selection, rightly undarstood, does
| not confliot with Natural Selection, but leav:s
I it in Ita supreme position The secondarv
male characters, even if they oot
strong indiviiuil his life, are yet advan-
tageous to the species For, by captivating
the hen birds, they help to bring it aboul
that the very croam of the males are thy
sires of all the next generation Thus vikor
—though not in the form of showiness i3
tranamitted to the fomales who have to rear
and defcnd the young Tha courage Ww:td
which a mother bird defends her nestings
{8 derived from the line of pugnacious ma ed
from which she is sprung Thus the specid
geins by what might appear mere dandited
adornment and a mere tire-eating spirit *

The last chapter of the first part is devoted
to a review of the effucts of wolation Our
author holds that Darwin never approctated
the importance of isolation, belleving flrnily
as he did, that divergent evolution, the split-
ting of one species into soveral, might 'axe
place without it This seems all the more
curions, when we reflect that Darwin alwars
talked of Natural Saelaction from the view-
point of & breedsr of anlmals; and no breeder
would deem of dispensing with isolation
The breeder F!nks out the anlruals thut show
in the highest degres tic poinfe he wishes fo
develop and kreps them apart from 5\11 the
rest gomanm made it cloar that, if Natural
Selection worked without isolation, on'y
monotyple evolution, or, in othar words, the

mdm"fnn of ona n'w species, would resu *

yr Russel Wallaoe divides evolutioius's
into those who oonsider isolation “a very
important factor,” and thow who ecousider
It “esmential = Mr Headley, for his part,
finds it diMoult to see how it can be nnyih #
but essential He thinks that the differcnos
of opninion  shonld  he asoribe to  tho
fact that iaolation, when not due to ror @
definite, easily recognizable barrier, s not
counted as lsolation It is important, therss
fore, to note what various forins of it are in
operation  First, there is geographioal =«
jation. Of this the dodo on lis island afforded
a good 9xﬂlurlﬁ. it was owing to his liviog &
life apart where there wire no carniyvor L
mammals to make flight & necessity that Lo
Joat his wing power ad there been constant
fresh arrivals of birds of his species, wniers
crossing would have maintained Lis power
of fight and enabled him to escape fron, the
conkcienoeless sailors who exterminated hi
Among the higher animals isolation is jre 19

L INIE]

ably due to preference Sowme difference in
ecolor or marking arises by which sympathy
{a bred, and thery those in wiom thic mnrhe
fng I8 found h«-r" together and form a race
that may in time develop into a species Gept
apart by what may be called clannish 1solie
tion. Thus recognition marks are of i'»
hizhest eonsequence  Call notes, the ecrice
peculiar to a apeoies, answer the sare purs
ose as recognition marks, and are oftan
alternative to them.  Of this kind of isalation
some account {8 given inthis book, and there
i3 nlan a deseription of another kind, which
operates very generally in the vegelsl o
| world, and probably among the lower
l animals.  This latter form i« sterility between
| species, due to diffarences In the reorodios
tive cclls. Mr. Headley rogards joterstere
ility ns arising «imultancously with beneilclal
varintions, and protecting them from the
offocts of interorossing  Amonie  the higher
clasres of animuls it is probable that clannish
isolation often replaces intersterilit but,
without numbers of sxpariments it is {mposs
gible to speak positively Experiments are
very diMeult: if animals of two A erent
Rpecios are crosand, there may be perfectly

healthy offspring, and yet the species may he

intersterile  For the | eny may be mules,
| and incapable of conti e thewr rece.  Our
{ aunthor has no doubt, however, that “intere
| storility among wild species is by no means
JAnvariable.  Our domesti el nre  dee
{ ‘meended from various s« At ihe
| roologieal gardens som s has beon

ittained in crossing the th the yn
| and the gaval, and it | 0 srettoed
i that such experiments Lhave not ¢ maore
! frequently made an il onut n ’ .-
temationlly T'he st (e
lation in some form ther st Iha
| stability of a species eannot be ma vined
without it

We have here conflned oursel tp that

part of Mr Headley's work wh 1= W
the problems of evolution in vl
another thue we shall direct gttention to that

wart of the book in which he enters uj

leld which Mr. Herbert Spencer !

vevad, the flald, that is, in which the probe
loms of human svolution, ineluding the (e
| tions of physical degeurration, of inteiier

and moral evolution and of progress i civie
lization are cousidered M. W, M,




